Silica-induced apoptosis in alveolar macrophages: evidence of in vivo thiol depletion and the activation of mitochondrial pathway.
Studies have shown that silica induces apoptosis through mechanisms that also regulate the inflammatory responses of lung cells to silica exposure. Although implicated in cell culture studies, the major in vivo pathway through which silica induces apoptosis has not been characterized. The present study is to study the role of mitochondria in silica-induced oxidative stress and apoptosis in vivo. Rats were intratracheally instilled with saline or silica (20 mg/kg) and sacrificed at 3 days post-exposure unless otherwise specified. Alveolar macrophages (AM) were harvested by bronchoalveolar lavage and measured for apoptosis and secretion of inflammatory mediators in the presence or absence of appropriate inhibitors. Concurrent studies were carried out to determine the presence of intracellular reactive oxygen species (ROS) via confocal microscopy, mitochondrial trans-membrane potential by flow cytometry, mitochondrial release of cytochrome c, and the activation of caspase activities in AM by Western blot analysis. Silica was shown to induce elevated levels of intracellular ROS, resulting in a marked decrease in intracellular glutathione (GSH) and cysteine and a sustained presence of apoptotic AM in silica-exposed rats up to two weeks post-exposure. The apoptotic AM were characterized by decreased mitochondrial trans-membrane potential, increased mitochondrial release of cytochrome c, activated caspase 9 (but not caspase 8) and caspase 3 activities, and PARP degradation, comparing to cells from the saline control. Silica induced AM production of IL-1 and TNF-alpha, which may be inhibited by ex vivo treatment of cells with N-acetylcysteine (NAC) or microtubule modifiers such as tetrandrine and taxol. NAC was shown to prevent intracellular GSH depletion and silica-induced production of IL-1beta and TNF-alpha but not apoptosis in AM from silica-exposed rats. These results show that silica-induced apoptosis is mediated through the mitochondrial pathway but not through cellular production of inflammatory cytokines, ROS generation, however, induces both apoptosis and cellular secretion of inflammatory mediators.